Background: Pediatric obesity is a world-wide challenge. Children with physical disabilities are particularly at risk of obesity, which is worrisome because obesity can result in serious secondary conditions that decrease health status, reduce independence, and increase impact on healthcare systems. However, the determinants of obesity and the health promotion needs of children with physical disabilities are relatively unexplored compared with their typically developing peers.
Introduction

T
he World Health Organization has identified childhood obesity as a major 21st century health problem. 1 In Canada, the weights of children and young people (herein children) have risen over the previous 30 years such that 25-30% of Canadian children aged 2-17 years have overweight or obesity. 2, 3 Policy makers are unequivocal: We must act now to halt the rising tide of obesity and related diseases. 3 One group at high risk for developing unhealthy weights is children with physical disabilities, representing *4-7% of young Canadians. 4, 5 Representing a diverse array of conditions, such as spina bifida, cerebral palsy, muscular dystrophy, acquired spinal injuries, and amputations, children with physical disabilities are disproportionately impacted by overweight and obesity compared with their typically developing peers. 6, 7 However, the short-and long-term health consequences of obesity in children who have a physical disability are relatively unknown, leading to them being described as an ''underserved and marginalized population. '' 7 The increasing number of children with physical disabilities, 8 coupled with the high levels of overweight and obesity, 3 underscores both the current and future impact on health and well-being, as well as the economic pressure these issues will exert on our healthcare system.
9,10
What DO we know?
Compared with the extensive literature available for typically developing children, our understanding of obesity in children with physical disabilities is limited. Children with physical disabilities are diverse, with wide-ranging impairments and abilities. For example, children may be ambulatory, with or without a mobility device (e.g., anklefoot orthoses, walker), or may require a wheelchair full time. 11 We also know that the environment-both physical and psychosocial-can limit the engagement of children with disabilities in health promoting activities, particularly physical activity (PA). 12, 13 For example, families of children with disabilities frequently have lower incomes than those with typically developing children, 14 which can affect their children's participation in activities, 15 the quality of their diet, 16 as well as parents' availability to engage in additional services or programs. 16 Together, these issues all increase the risk of both poor health and unhealthy weight gain in children with physical disabilities 6, 7 and can cause serious secondary conditions, such as pressure ulcers, pain, and severe muscle loss. 17, 18 This disables children further and amplifies their risk of obesity, 18 reducing independence and increasing need for both informal caregiving and established healthcare services. [19] [20] [21] Given that healthy nutrition, PA, and sedentary behaviors in adulthood are often rooted in childhood, positive health behaviors must start early. [22] [23] [24] Conversely, painful physical therapy and exclusion from activities, such as physical education classes, as a child can discourage PA for life. 25, 26 Despite this, children with physical disabilities have largely been excluded from health promotion initiatives and associated research, [27] [28] [29] limiting the evidence base upon which professionals can make decisions. Their exclusion from health-promoting activities has even wider implications, given that participation in society (or lack of) impacts physical and psychological health. 30 What do we NOT know?
Since 2010, our research has identified a lack of evidence related to obesity prevention and management in children with physical disabilities. 29, [31] [32] [33] [34] [35] The significant gaps in the evidence base became clear in our team's scoping review of health promotion intervention studies for children with physical disabilities. 29 None of the 9913 articles described long-term obesity prevention interventions for this group. A limited number of publications (n = 34) describing intervention studies addressing nutrition or PA domains were found, but were mostly small scale or low methodological quality. Knowledge specific to Canadian children with physical disabilities was also sparse (n = 3 studies). In a recent systematic review of obesity prevention interventions in children, 36 one quarter (n = 14) explicitly excluded children with any form of impairment, condition, or illness. Collectively, these data highlight the lack of scholarship in children with obesity and physical disabilities and demonstrate the extent to which they are marginalized.
Although two recent Canadian reports synthesized obesity-related research for typically developing children, 3, 37 further research is required to (1) understand how the findings can be applied to children with physical disabilities and (2) identify priority research areas for children with physical disabilities. In order to address these needs, we held a multistakeholder consensus-building workshop to identify key areas for obesity-related research related to children with physical disabilities.
Aims
The aims of the workshop were to: (1) identify clinically relevant research priorities, by leveraging the collective expertise of researchers, clinicians, and families; (2) identify potential obstacles to research initiatives and opportunities to overcome them; and (3) initiate a sustainable, collaborative national research network with links to international leaders. This article reports the findings from aims 1 and 2 with recommendations for future research directions. Equal consideration was given to both obesity prevention and management.
Methods
Workshop description
Attendees. The workshop was held over 2 days in October 2014 with 38 invited attendees: researchers (n = 12); trainees (n = 4); front-line clinicians (n = 12); parents (n = 3); former clients with disabilities (n = 1); community partners (n = 3); and decision makers (n = 3). Most invitees were Canadian and were identified (1) through the existing literature on disability and obesity (researchers and trainees), (2) by operations managers working in relevant clinical programs (clinicians), (3) from members of the Family Engagement Committee at the host pediatric rehabilitation hospital (parents/former clients), (4) staff members from local agencies, such as accessible fitness facilities (community partners), and (5) representatives from provincial health systems (decision makers). Integrating intersecting interests between the different stakeholders is consistent with recommendations for establishing research initiatives that are clinically relevant and acceptable to those for whom they are intended 38, 39 and represents an integrated knowledge translation approach. 38 The participating family/ client stakeholders had previous experience of engaging in research discussions, and their involvement was supported through the Family Leadership Program at the host institution. Ethical approval was not required for the workshop.
Agenda and activities
We used multiple methods to guide the activities over the 2-day workshop, led by two experienced, certified facilitators external to the research team, allowing them to guide and empower attendees to identify priorities without imposing their own agenda. 40 To ground the workshop in client and family-centered care, 41 the first day started with two lived experience presentations by parents of children with a disability who had encountered challenges with obesity and weight management. The keynote speaker, Dr. James Rimmer, a noted authority on disability and obesity (e.g., in previous works 10, 27, 28 ), then placed these experiences in context with his overview of the current state of science and future research needs for addressing health and weight management issues in children with physical disabilities. A series of 20-to 30-minute targeted, scientific presentations followed, providing the state of the evidence on the characteristics of effective weight management programs for typically developing children, the health promotion needs of children with physical disabilities identified to date, classifying overweight and obesity in children with physical disabilities and avoiding stigmatization, and methodological considerations when assessing lifestyle behaviors related to obesity and physical disability.
Presentations were followed by a group-based, facilitated visioning exercise to address the key question: What do we need to know more about over the next 2-5 years to help us better address obesity in children with physical disabilities? This exercise aimed to elicit diverse perspectives regarding current knowledge gaps. Using a modified nominal group technique, 42 individuals first wrote knowledge gaps on cards and then discussed them within their small multistakeholder groups. Ideas were displayed for all workshop attendees to view and were subsequently grouped into six themes by the attendees through consensus discussions. Group interactions were facilitated to ensure that all attendees had an opportunity to participate and contribute their priorities.
On the second day, obstacles and opportunities for accomplishing the research within each of the six themes were identified, discussed, and recorded on paper in small groups. These data were later analyzed by the first author using a content analysis approach, conducting open coding on the written materials, followed by grouping codes into categories and then under higher-order headings. 43 They were then reviewed, discussed, and agreed by the other authors.
Once the initial six themes had undergone the obstacles and opportunities analyses, facilitated consensus discussions enabled attendees to select three of the six original themes that they felt were the most appropriate and feasible for initiating the research efforts; individuals selfselected into one of the three groups. Each small group created a detailed written plan to guide initial research efforts. The workshop concluded with a brief presentation from each group of their plan and a large group discussion of next steps postworkshop. 
Results
Priority themes
In the initial visioning exercise, 71 knowledge gaps were identified, which clustered into six themes: (1) early and sustained engagement of families (21 knowledge gaps); (2) rethinking determinants of obesity and health (16 gaps); (3) maximizing impact of research (13 gaps); (4) inclusive integrated interventions (nine gaps); (5) evidence-informed measurement and outcomes (eight gaps); and (6) reducing weight biases (four gaps). Table 1 provides examples from the knowledge gaps identified (expressed as questions that attendees felt needed answering) that fell under each of the six themes. The full list of 71 knowledge gaps can be found at www.Hollandbloorview.ca/DOCCNet. Underpinning these themes was an emphasis on building upon existing knowledge from typically developing children and identifying transferable knowledge for children with obesity and physical disabilities.
Obstacles and opportunities
Within each of the six identified themes, potential challenges were identified and matched with an opportunity to overcome each obstacle. These obstacles and opportunities fell into three areas: (1) clinical practice and education; (2) research (subareas: funding and methodological issues; client and family engagement issues; and targeted areas to conduct research); and (3) policy-related issues and topic positioning. Table 2 presents these three key obstacle areas and the six original themes to which they belonged.
Detailed development of prioritized research
Having developed an understanding of the obstacles and opportunities associated with each of the six priority theme areas, the attendees were then in a position to select three of the areas that they felt were the most appropriate and feasible for moving the research agenda forward initially, which were then explored in more detail in order to make recommendations.
(1) Early and sustained engagement of families. Workshop attendees believed it was critical to identify family priorities and engage families in order to ensure timely, meaningful research. 44 Assessing family acceptability and feasibility of interventions within a specific rehabilitation context was deemed particularly important, given the potential differences in causes and consequences of obesity in children with different physical disabilities. Families of children with physical disabilities have many additional commitments that may restrict the time and resources available for participating in activities such as research projects. This needs to be taken into consideration when planning family engagement activities in both research and treatment contexts. The first steps needed to achieve this vision and their associated methodological approaches are outlined at the top of Table 3 .
(2) Rethinking the determinants of obesity and health. A recurring issue throughout the workshop was the lack of an existing conceptual framework to guide research. Therefore, one group of attendees developed an iterative biopsychosocial conceptual model of obesity and health relevant to children with physical disabilities, which could both guide and be informed by research (see Fig. 1 ). This model extends previous work by Liou and colleagues, who proposed a biomedical conceptual model to explain the mechanisms underlying obesity and disability. 18 In the 10 years since Liou and colleagues' model, we have become increasingly aware of the social and environmental factors that influence obesity as a complex disease. This led to Fox and colleagues' proposal of a systems-level model to reduce obesity in people with disabilities, taking a public health policy stance, including national/global determinants and community-based determinants. 12 Our proposed conceptual model brings a somewhat different lens, whereby health is the primary outcome in the model, not weight. Whereas weight can impact health, having health as an outcome allows for a more clientcentered approach, where the targeted health outcomes for each person can be determined by the individual in conjunction with their family and their healthcare team. This approach aligns well with the International Classification of Functioning, Health and Disabilities (ICF), which does not confer ''ill health'' purely because of an impairment of body structure 30 (in the case of obesity, we could consider this to be excess adipose tissue; see a previous work 45 ). The proposed model is high level, but incorporates contributors to health and obesity that appear to be distinct in children with physical disabilities. Environmental, social, and individual factors affecting diet, PA, sedentary behaviors, and energy metabolism may have differential impacts in children with physical disabilities versus typically developing children (e.g., the presence of Chiari II brain malformations in children with spina bifida can affect swallowing, gagging, food preferences, and breathing). 19, 46 These in turn can contribute to restricted diet, sedentary lifestyles, and reduced physical fitness. [47] [48] [49] [50] Inaccessible fitness facilities, social isolation, and highly protective parenting may also Partner with mainstream obesity groups to explore adaptation of assessments embedded in current prevention and management guidelines Canadian Obesity Network: 5As of Pediatric Weight Management
Create expert committee to identify clinically meaningful cutoffs using existing anthropometric tools Weight, height, waist circumference, skinfold thickness Test cutoffs developed through consensus using cardiometabolic indicators in different diagnostic groups
Research needed on feasibility, acceptability, and reliability of anthropometric tools in different diagnostic groups Engage families, clinicians, and researchers to assess feasibility, acceptability, and reliability exert influence upon weight-related behaviors in children with physical disabilities more than their typically developing peers. 13, 51, 52 These factors, which may overlap, are also likely to influence children's perceptions of health, 53 so relationships are conceptualized as multidirectional. If we overlay the ICF concepts on our model, the activities and participation of children with physical disabilities are also likely to be affected. We recognize that factors other than direct behaviors may also influence weight. For example, the role of sleep as a potential mediator is an emerging area of interest and may warrant inclusion once more explanatory evidence is available. Exploring energy balance and its effect upon adipose and lean tissue will also be a critical area of future research to inform the model, given that many children with physical disabilities differ from their typically developing peers regarding body composition. 54, 55 All of this means that we have to ''rethink'' health promotion approaches used with typically developing children when working with children with physical disabilities to ensure that we meet their biopsychosocial needs.
(3) Evidence-informed measurement and outcomes. A key challenge facing clinicians and researchers is the lack of standardized, accurate, and acceptable (both to the patients and in a clinic environment) measurement tools to assess children with physical disabilities. This impacts both clinical monitoring of children and classification of body weight status, 32 as well as the evaluation of intervention impact. Two primary strategies to address this problem were proposed: first, the creation of an expert committee, to develop practice guidelines using existing anthropometric assessments (e.g., weight, height, and waist circumference) for different populations, which could be empirically tested. Second, we can leverage existing partnerships, both with mainstream organizations (e.g., Canadian Obesity Network) and research groups investigating assessments that can be used in conjunction with BMI (e.g., Edmonton Obesity Staging System-Pediatrics 56 and The Healthy Body Scorecard 57, 58 ) to provide a broader understanding of an individual's health status. See the bottom of Table 3 for recommendations and strategies relating to outcome measure development.
Discussion
Childhood obesity is a global concern, 1 yet children with physical disabilities have been largely excluded from research addressing health promotion issues, such as obesity, PA, and diet. 7, 29 The workshop provided a knowledge exchange opportunity for a diverse group of experts to discuss existing gaps and challenges from multiple perspectives (including those of families), prioritize areas for initial research efforts, and build collaborative relationships. Recommendations emerging from the workshop's multistakeholder consensus activities included:
1. Children's and families' needs must be integrated into prevention and treatment programs, taking into account the additional caring commitments and environmental challenges often experienced by families of children with physical disabilities. Guidelines need to be developed regarding how best to engage children/families meaningfully in designing both clinical interventions and health promotion research initiatives. 2. Research in obesity and health in children with physical disabilities should be guided by a conceptual model, determining both common and unique determinants of health and obesity compared with their typically developing peers. A conceptual model enables existing knowledge about obesity prevention and management from other populations to be integrated into approaches for children with physical disabilities where appropriate, as well as the identification of areas where disabilityspecific knowledge is still needed. It is critical that any such model incorporates social and environmental factors that can affect both weight and health, rather than locating responsibility within the individual by default. 45 The alignment of our model with the ICF ensures that our approach remains truly biopsychosocial. 3. Valid, reliable, clinically appropriate, and acceptable outcome measures are urgently needed in order to monitor children's weight and health, and identify overweight and obesity, where conventional outcomes (e.g., BMI) alone have been shown as suboptimal. These recommendations also have relevance to typically developing children. For instance, parents play a valuable role in providing a supportive environment conducive to developing healthy eating and activity habits for all children, 59, 60 and engaging parents of typically developing children is a key element of many children's weight management programs, given their influence on their child's participation. [61] [62] [63] [64] However, the priorities of children with physical disabilities and their families may differ, given the additional health and psychosocial concerns that a physical disability can bring, 65, 66 which requires further explication. This is the focus of one part of a large team grant on severe obesity and bariatric care secured by our team, but will also require ongoing exploration.
Traditionally, there has been a substantial disparity between those conducting research and those who are the focus of the research, with researchers assuming a position of ''expert.'' 67 Where families are involved in research studies, involvement can often be tokenistic. 68 We are confident that the priorities of families are fully integrated into our proposed strategic directions for a number of reasons. First, the host facility for the workshop, Holland Bloorview Kids Rehabilitation Hospital, has a rich culture of child-and family-centered care, using a number of different vehicles to deliver their commitment to stakeholder engagement, including two family advisory committees. The parents and former client who attended the workshop were all part of the hospital's Family Leadership Program, which supports parents to make meaningful contributions to initiatives across the hospital terms, including research. Second, using certified facilitators external to the research team enabled all workshop participants to contribute fully to the discussions and priority-setting exercises. Last, the authentic involvement of families in the workshop is highlighted by the first of our three recommendations for future research directions.
Ongoing relationships between workshop attendees are being facilitated by the creation of the Disability and Obesity in Canadian Children Network (DOCC-Net), which aims to build multistakeholder collaborations around obesity-and weight-related issues with children with disabilities, and ensure that the resulting research is scientifically robust, clinically meaningful, and grounded in child and family priorities. The website for DOCC-Net (www .hollandbloorview.ca/doccnet) is designed to be used in both ''push'' (e.g., providing key references, highlighting consensus documents) and ''pull'' (e.g., harnessing existing knowledge) knowledge translation activities. 69 It will also communicate research findings to different audiences (e.g., families, researchers, clinicians, and decision makers) within and beyond Canada. To raise the visibility of disability and obesity research, DOCC-Net will leverage members' existing partnerships in the mainstream obesity field (e.g., the Canadian Obesity Network [CON]), child health (e.g., Canadian Association of Pediatric Health Centers Children's Treatment Centres [CAPHC]), and pediatric rehabilitation (e.g., Canadian Network for Child and Youth Rehabilitation [CN-CYR]). The benefits of these partnerships include leveraging existing resources and/or infrastructure, as well as increasing study sample sizes, thereby resulting in greater impact of research.
Identified challenges
The workshop engaged many different stakeholders, but despite our concerted efforts, no children or youth participated in person. Two young adults provided their personal views by e-mail and gave permission for them to be integrated anonymously into one of the scientific talks. In addition to logistical reasons (e.g., availability during weekdays), the reluctance of children to accept our invitations to the workshop may reflect the considerable stigma still attached to obesity. 70, 71 We considered our workshop to be a safe and accepting environment for young people living with obesity to contribute their important views-for example, it involved a relatively small number of highly engaged participants experienced in working with vulnerable populations, support was available before, during and after the workshop, and other (unrelated) family members were participating. However, work is clearly still needed to facilitate meaningful youth engagement in research priority-setting. As ongoing, trusting relationships are advocated for successful obesity discussions and treatment with children and families, 72, 73 convening ongoing youth advisory committees on health promotion may be a more fruitful approach than inviting young people to join one-off events. It will be critical to partner with youth as we move forward with the identified research directions to ensure that their voice is represented. Although there were no youth participants, some workshop participants did have visible disabilities. We were also able to include a range of other key stakeholders, including parents of children experiencing weight-related issues.
Workshop attendees came from across 4 of the 10 Canadian provinces. No differences were identified in the experiences of those attending from different provinces, although policy contexts could potentially vary. DOCCNet will be widely promoted across all Canadian provinces and disseminated through pan-Canadian organizations (e.g., CON, CAPHC, and CN-CYR). International partners will also be encouraged to contribute their expertise to DOCC-Net and disseminate relevant information across their networks.
Conclusions
Research into weight-related topics in children with physical disabilities is sparse, despite constituting a highrisk population. Using the workshop described here as a call to action, we are now well positioned to work toward evidence-based services for children with physical disabilities that are ''the same range, quality and standard of free or affordable health care and programmes as provided to other persons.'' 74 There is a long way to go before the prevention and management of pediatric obesity and optimal health promotion is fully understood; however, we need to include children with physical disabilities and their families in that journey.
